Aim: To assess the efficacy of exenatide (EXE) once weekly + dapagliflozin once daily (DAPA) versus each drug alone in reducing biomarkers of fatty liver/steatosis and fibrosis in a post hoc analysis of DURATION-8, a 104-week study in 695 patients with type 2 diabetes uncontrolled by metformin monotherapy. Materials and methods: We evaluated the impact of the study treatments on noninvasive markers of hepatic steatosis (fatty liver index [FLI] and non-alcoholic fatty liver disease [NAFLD] liver fat score), fibrosis (fibrosis-4 index [FIB-4]) and severe fibrosis (NAFLD fibrosis score), along with liver enzymes and insulin resistance, at weeks 28 and 52. All outcomes in this analysis were exploratory, with nominal P values reported. Results: At week 28, biomarkers of fatty liver/steatosis and fibrosis were reduced from baseline in all treatment groups. At week 28, EXE once weekly + DAPA effects for decrease in FLI were stronger than those of EXE once weekly + placebo (PLB; −2.92, 95% confidence interval [CI] −5.11, −0.73; P = 0.0092) or DAPA+PLB (−2.77 [95% CI −4.93, −0.62]; P = 0.0119), and stronger than those of EXE once weekly + PLB at week 52 (−3.23 [95% CI −5.79, −0.68]; P = 0.0134). FIB-4 showed reduction versus baseline only in the EXE once weekly + DAPA group at both week 28 (−0.06 [95% CI −0.11, −0.01]; P = 0.0135) and week 52 (−0.05 [95% CI −0.09, −0.004]; P = 0.0308).
cardiovascular disease, 2, 3 and mortality risk increases exponentially with the severity of NAFLD. 4 The most recent American Diabetes Association guidelines recommend that people with type 2 diabetes or prediabetes with elevated liver enzymes or fatty liver should be evaluated for the presence of NASH and fibrosis, with non-invasive biomarkers used to assess the risk of fibrosis. 5 Despite this, less than 5% of diabetes specialists correctly assess the prevalence and severity of advanced fibrotic NAFLD in patients with type 1 or type 2 diabetes. 6 For the screening/diagnosis of NAFLD, imaging techniques are expensive and are recommended only after an initial diagnosis of NAFLD is made using non-invasive biomarkers. 2, 7 Non-invasive, clinically validated biomarkers that combine metabolic and hepatic parameters routinely measured in clinical practice have been developed and approved by the European Association for the Study of the Liver, the European Association for the Study of Diabetes (EASD) and the European Association for the Study of Obesity. 2 These include the fatty liver index (FLI) 8 and the NAFLD liver fat score (NLFS) 9 for the diagnosis of NAFLD, and the NAFLD fibrosis score (NFS) 10 and the fibrosis-4 index (FIB-4) 11 for the diagnosis of liver fibrosis.
Early diagnosis, assessment and intervention are important to stop the progression of NAFLD, because no pharmacotherapies are currently approved by the US Food and Drug Administration for the treatment of the more advanced stage NASH. 2 Glucose-lowering agents have been shown to improve NAFLD, but their direct, long-term impact remains to be fully explored. 12 Pioglitazone has demonstrated reductions in fatty liver content and has provided some resolution of NASH in patients with type 2 diabetes, but with the side effect of significant weight gain. 2, 13 Evidence indicates that glucagon-like peptide-1 receptor agonists (GLP-1RAs) and sodium-glucose co-transporter-2 (SGLT2) inhibitors have some benefits in patients with type 2 diabetes and NAFLD/ NASH. [14] [15] [16] [17] [18] [19] For example, in a phase 2 study, 48 weeks of liraglutide treatment led to biopsy-confirmed resolution of NASH in 39% of overweight patients with or without type 2 diabetes. 14 Furthermore, semaglutide treatment reduced markers of NAFLD (ie, alanine aminotransferase [ALT] and high-sensitivity C-reactive protein) in patients with obesity and/or type 2 diabetes. 15 With regard to SGLT2 inhibitors, a 24- week, open-label, randomized trial of dapagliflozin (DAPA) monotherapy in patients with type 2 diabetes and NAFLD reported overall improvements in hepatic steatosis, along with attenuation of fibrosis in a subset of patients with significant fibrosis. 16 Additionally, 24 with improvements maintained at 52 and 104 weeks. 21, 22 In the present study, we conducted a post hoc analysis to evaluate the change from baseline to weeks 28 and 52 in non-invasive biomarkers of fatty liver/ steatosis and fibrosis in the three treatment groups.
| MATERIALS AND METHODS
The study design of DURATION-8 has been previously described. 20, 21 In brief, the multicentre study (118 sites) enrolled adults aged ≥18 years with type 2 diabetes and poor glycaemic control (HbA1c 64-108 mmol/mol [8.0%-12.0%]) despite stable metformin monotherapy at ≥1500 mg/d for at least 2 months before screening. Participants (n = 695) were randomized (1:1:1) to receive EXE once weekly 2 mg plus oral DAPA 10 mg once daily, EXE once weekly 2 mg plus DAPA-matched oral PLB or DAPA 10 mg once daily plus EXE once weekly-matched PLB injections for 104 weeks (28-week initial treatment period followed by a 24-week, double-blind first extension period and a 52-week, second double-blind extension period; Figure S1 ). [20] [21] [22] Baseline characteristics of patients have been previously reported 20, 21 and were broadly similar across treatment groups (Table 1) .
The primary endpoint of DURATION-8 was change in HbA1c from baseline to week 28. 20 The main objective of the present post hoc analysis was to assess the effects of EXE once weekly + DAPA, EXE once weekly + PLB and DAPA + PLB treatments on change from baseline to weeks 28 and 52 in guideline-approved 2 biomarkers of fatty liver/ steatosis (FLI and NLFS) 8, 9 and fibrosis (NFS and FIB-4 10, 11 ; Table S1 ).
In brief, the FLI comprises body mass index (BMI), waist circumference and serum levels of triglycerides and gamma-glutamyltransferase (GGT); a cut-off score of ≥60 rules-in hepatic steatosis as detected by ultrasonography. 8 The NLFS includes presence of metabolic syndrome and type 2 diabetes, fasting serum insulin concentration, aspartate aminotransferase (AST) and AST:ALT ratio; a cut-off score of > − 0.640 has good sensitivity to predict increased liver fat. 9 The NFS is based on age, BMI, the presence of type 2 diabetes or impaired fasting glucose, platelet count, albumin and AST:ALT ratio. 10 The FIB-4 comprises age, AST, ALT and platelet count. 11 A FIB-4 ≥ 1.3 cut-off score has high sensitivity and specificity for the diagnosis of fibrosis, whilst the NFS cut-off score of >0.676 is used for the diagnosis of severe fibrosis (stages F3 and F4). 10, 11 Additional details of the constituent elements of the biomarkers used in the present study, including their scoring criteria and cut-offs, can be found in Table S1 .
Changes from baseline to weeks 28 and 52 in ALT, AST, AST:ALT ratio and GGT were assessed, along with the proportion of participants with positive biomarker scores at weeks 28 and 52 versus baseline.
Additional metabolic variables evaluated were changes from baseline to weeks 28 and 52 in homeostatic model assessment of insulin resistance (HOMA-IR), adipose tissue insulin resistance (Adipo-IR), HbA1c, body weight, triglycerides and fasting plasma insulin (FPI). HOMA-IR was calculated with the HOMA2 Calculator, based on fasting plasma glucose and FPI. 23 Adipo-IR was calculated as the product of fasting plasma non-esterified fatty acids (NEFA) and FPI (Adipo-IR = NEFA × FPI). As increased Adipo-IR is a characteristic of patients with NAFLD, [24] [25] [26] [27] we assessed the correlations between change in Adipo-IR and changes in biomarkers of fatty liver/steatosis and fibrosis at week 28.
A path analysis hypothesizing a direct treatment effect on weight change, changes in triglycerides, AST:ALT ratio and Adipo-IR, and an indirect treatment effect mediated by weight loss on changes in triglycerides, AST:ALT ratio and Adipo-IR, was built to provide estimates of the magnitude and significance of these potentially causal connections. 28 
| Statistical analyses
Analyses were conducted on the intention-to-treat population, which included all randomized participants who received ≥1 dose of study medication and had ≥1 post-baseline HbA1c assessment.
Changes in HbA1c and body weight from baseline to weeks 28 and 52 were analysed using a mixed-effects model with repeated measures. 20, 21 Clinical indices of fatty liver/steatosis and fibrosis were calculated and scored in accordance with published methodologies (- Table S1 ). [8] [9] [10] [11] Changes from baseline in least squares mean, or geometric mean ratio (HOMA-IR), to weeks 28 and 52 were analysed Abbreviations: Adipo-IR, adipose tissue insulin resistance; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DAPA, dapagliflozin; EXE, exenatide; FFA, free fatty acids; FIB-4, fibrosis-4 index; FLI, fatty liver index; GGT, gamma-glutamyltransferase; HbA1c, glycated haemoglobin; HOMA-IR, homeostatic model assessment of insulin resistance; n, number of patients; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score; NLFS, NAFLD liver fat score; PLB, placebo; SD, standard deviation; SE, standard error. Data are mean ± SD or geometric mean ± SE, unless specified otherwise. 3 | RESULTS
| Baseline characteristics
The intention-to-treat population comprised 685 participants: EXE once weekly + DAPA, n = 228; EXE once weekly + PLB, n = 227; and DAPA + PLB, n = 230 (Table 1 ). The mean BMI was 32.7 kg/m 2 , the mean HbA1c was 78 mmol/mol (9.3%) and the mean duration of type 2 diabetes was 7.4 years. 20, 21 At baseline, liver enzymes and biomarker scores were similar across the three groups ( indices of fibrosis and severe fibrosis at weeks 28 and 52, FIB-4 showed a reduction versus baseline in the EXE once weekly + DAPA group only and NFS was reduced in all treatment groups versus baseline ( Table 2) . Changes in NFS and FIB-4 were similar in all treatment groups (Figure 1 Figure 2 ).
By path analysis, weight loss had a significant (P < 0.05) direct effect on AST:ALT ratio (β = −0.12) and Adipo-IR (β = 0.16), but not on triglycerides (β = 0.06; Figure S2 ). There were significant (P < 0.05) indirect treatment effects on AST:ALT ratio and Adipo-IR with EXE once weekly + DAPA (ie, mediated by weight loss) versus EXE once weekly + PLB (β = 0.29) and DAPA + PLB (β = 0.19; Figure S2 ). on metformin. 20, 22 In the present post hoc analysis, we evaluated the effect of these treatments on liver enzymes and serum non-invasive biomarkers of fatty liver/steatosis and fibrosis. 8 20, 21 and the path analysis suggested that weight loss mediated the treatment effect of EXE once weekly + DAPA, versus the individual drugs, on AST:ALT ratio and Adipo-IR. Weight loss is the mainstay of NAFLD treatment, 2 and it has been previously demonstrated that the extent of weight loss achieved by patients is directly proportional to reduced NAFLD activity score, NASH resolution and fibrosis regression. 30 Moreover, the Diabetes Remission Clinical Trial (DiRECT) reported that a weight loss of~15% in patients with type 2 diabetes was associated with a substantial decrease in liver fat content and recovery of β-cell function, suggesting that the normalization of liver fat may help put type 2 diabetes into remission. 31 However, in overweight, insulin-resistant patients without type 2 diabetes, it has been reported that 12 weeks of DAPA treatment had no impact on hepatic steatosis despite a mean weight loss of 4.4 kg. 32 Recent evidence suggests that DAPA reduces specific hepatocyte injury biomarkers, such as cytokeratin 18-M30 and plasma fibroblast growth factor 21, suggesting an intrinsic disease-modifying effect in NAFLD. 18 Regarding hyperglycaemia, excess dietary sugars can induce liver glucotoxicity by increasing hepatic steatosis, via de novo lipogenesis, and exacerbating insulin resistance and cellular demise, through mechanisms including the activation of oxidative and endoplasmic reticulum stress responses. 33 Recently, amelioration of hepatic dysfunction following at least 6 months of SGLT2 inhibitor treatment in patients with type 2 diabetes was mediated partly through an alleviation of hyperglycaemia, independent of weight loss. 34 In the present study, we observed that EXE once weekly + DAPA combination therapy led to an improvement in insulin resistance, as measured by Adipo-IR and HOMA-IR. Adipo-IR (ie, the impaired suppression of lipolysis in the presence of high insulin levels) plays a key role in the pathogenesis of NAFLD. [24] [25] [26] [27] Adipose tissue dysfunction affects both glucose and lipid metabolism by releasing proinflammatory adipokines and NEFA. 24, 26 These have an impact on all tissues, including skeletal muscle, β cells and the liver, and modify inflammatory responses as well as glucose and lipid metabolism, thus contributing to metabolic abnormalities. 24, 26, 33 In patients with NAFLD, increased Adipo-IR is linked with deterioration of metabolic variables, in conjunction with increased liver insulin resistance and fibrosis. 25 Accordingly, improvement in Adipo-IR has been associated with a reduction in liver fat and associated necroinflammation following pioglitazone treatment in patients with NASH. 27 In the present study, we observed that correlations were stronger between improvement in Adipo-IR and reduction in biomarkers of fatty liver/steatosis versus biomarkers of fibrosis.
However, as the proportion of participants with biomarker scores suggestive of fibrosis was considerably lower than fatty liver/steatosis, with less pronounced changes from baseline than the FLI and NLFS, the absence of a strong association between improvement in Adipo-IR and fibrosis is perhaps not surprising. Further, the biomarkers that include type 2 diabetes in their formulae (ie, NLFS and NFS) may not be fully reliable in a solely diabetic population. Also, there was an imbalance between treatment groups in the number of participants with high FPI values, mainly in the EXE once weekly + PLB group. Further, the histological features of NASH were not assessed, and imaging tools were not available. However, when imaging tools are not available or feasible, clinical guidelines recommend the use of serum biomarkers as an acceptable alternative for the assessment of steatosis and fibrosis, particularly in large populations. 2 Indeed, the use of biomarkers can be particularly helpful in clinical practice to identify those individuals at risk of severe fibrosis who require an early management approach, 5 and improvement in NAFLD biomarkers has been shown to independently predict biopsy-confirmed improvement in fibrosis after 1 year of lifestyle intervention in people with NASH. 35 In conclusion, the present analysis is the first to describe improvements in biomarkers of fatty liver/steatosis and fibrosis in a large trial of GLP-1RAs plus SGLT2 inhibitor combination therapy in people with type 2 diabetes. This nascent evidence may inform future, specifically designed prospective clinical trials that will investigate the efficacy and long-term safety of the GLP-1RA and SGLT2 inhibitor combination for the treatment of NASH in people with or without type 2 diabetes. 
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